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ABS TRAC T

.! This r_port is one of a series dealing with various aspects of
_'_ r r, b •Echo re.de.ted signals The purpose of this report ts to present

I the autocorrelation function of the signals received during selectedEcho II revolutions from revolution numbers 2000-3500. Some Echo I

data are also included. The SPCR (specular-to-scattered power ratio)

I is defined and computed from the ACF's: Consideration is given tosome of the errors involved in obtaining the ACF's and the effect of

these errc-s on the final results. On basis of the large amount of

_ data presented it is found that the SPCR for Echo II is 6-7 db, 5-6 dbfor Echo I. The possible ranges in the values of /%e SPCR, based

on the possible ranges of the errors in the process of analys_s_ are

I also computed and tabulated.
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Page I of 27

THE SI-!C_RT TERM (1"ma z : 5 SEC) AUTOCORRELATION

FUNCTION OF ECHO II-REI_'LECTED 8IGI4ALS

I. INTRODUCTION

This report is one of a series dealing with varioas aspects of

Echo-reflected signals. There are actually two series of reports.

The data for the: earlier series we_ e p_inla_ily obtained from Echo

If-reflected signals before revolution Z000, the data for t_he present

series were selected from Echo I revolutions between Z000 and 3[,00.

The two series of repo:ts can be regarded as & single c_herent m,_t

covering the orbital lifetime of Echo II to the present. Some of the

subjects considered in _hese series are amplitude scirtillations, echo

area, power spe.ctral density, probability density, autocorrelation,

depolarization effects, and the scattering function of Echo.

The data for t.he present series are taken from five Echo II

revolutions: Z6Z6, Z653, 2816, 3040, 3483. The dat& collected on

these passes are representative of all data collected during the Derlod

covering revolutions Z000-3500. Data collected on two Echo i revo-

lutions (!8, 166 and 18,966) that occurred during this same period are

also included for comparison. The purpose ef this report is to present

the autocorreiation fumctions obtained from the recent experimental data.

'2he signals were cw at 2260 mc/sec ard originated from the

Collins Space Com,nunications Facility at Dallas, Texas. They were

reflected by the orbiting Echo satellites and received by the Satellite

Communication Center of the Antenna Laboratory, The Ohio State

University. Detailed description of both sit_s can be found in the

referencesol, z A simplified block diagram of the receiving and re-

cording system is included here for completeness (see Fig. 1 which

is mostly self-explanatory). Phase-locked demodulators were used

as linear detectors. In _ase of a cw signal whose amplitude was con-

st_ant during transmission, the AM output of the linear detector would

be a steady dc value proportional to the level of received power.

Figure Z shows a sample of the recordings of the AI%[ output of the

detector which is typicall: observed fur all Echo-reflected data. It

can be seen that the inst;_ntaneous received power level is not & steady

dc value; rather_ the received power level is strongly fluctuating between

the observable extremes of noise and saturation levels. A statistical

method of analyzing d-ta such as shown in Fig. Z is to obtain its

I
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: Fig. I. Simplified block diagram of receiving

: and recording system.

correlation function. The details of data reduction to obtain the auto-

correlation function have been treated elsewhere, "_

Correlation by definition is a measure of.the degree of inter-

dependence between two quantities. H_z,=r,, ":,c:_u_;ccorrelation function

is one that expresses the degree of =,_t=rdependence be,+,weena qu,%ntity--
_,Y,._itsel:[. Thesuch as the instantaneous value of .*i_er&ceived power -- "-,_'

quantities whose interdependence _s to be measured are f;v;,ctionsof time;

_heSr resulting ACF is a func_i/Jn of Che relative time dela}, between them.

In the present case the mKxinL,_n time delay, rrnax, was ,_-e:._"[cted to

3 sec, which was I0_o of the sa !e length, T; h**ice the dc,_: "iptive

name -- short-term autocorre.lx__xon function. ,_

Mathematically, the autoc _.rrulation function ACF " , :.atedas mr

T/Z

1 _ fit'; .'.t*+T)dt,
(I) 0(_-)= Lim '-r -)-r/2

T -_ oo
%

where f(t) corresponds to the AM output of the linear detector, which

in turn is proportional to the instantaneous level of the received power.

The variations in this level can be regarded as a modulation on the

amplitude of the cw signal resulting from its transmission through the

Echo channel. Should the received power level caase a constant dc out-

put from the linear d_.tector corresponding to the case of an unmodulated

cw signal, one would obtain an ACF of constant amplitude. The inter-

pretation of such an ACF is that there is no time dependence in the data.

Should the received power level cause a dc output (which is randomly ,_

varying about some average value) from the detector, corresponding to

Z

il
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the case of a._,extremely noisy signal, one would obtain an ACF

whose anzp!.t :__ewould be maximum at no time delay, and an

average value, corresponding to the dc average, for any time delay

other _han zero. That is, witch the add_.tion of an impulse of _ = 0,

there would result an ACg- siznilar to _he previous case. The in-

terpretation of such an ACF is that the portion of the da_% causing

the impulse in +,_heACF is very strongly tizne dependent. The t%vo

cases are shown in Fig. 3.

I

1.0 CONSTANT AMPLITUDE

(r) ...... R AN D.__0M VA R_._iAT ION S__A_._B0U T__A__
CONSTANT AVERAGE VALUE

I"

Fig. 3. Normalized autocorreation functions of a

constant amplitude function and of one of

random variatlons about a constant amplitude.

The ACF's of Echo-reflected signals fall between the above two

extremes. This indicates that when a steady aror1__tude signal is passed

through the Echo channel it acquires an amplitude modulation by the

noise present in the channel. _vtost of the noise probably originates at

the target since the Echoes are rega:ded as essentially spherical in

shape but with small-scale surface roughness. The reflecting char-

acteristic of such a surface is shown in Fig. 4. The specular co,n-

ponent is from the spherical shape and the scattered components are

from the numerous surface irregularities. Both Ecnoes are moving and

in addition to the orbital motion a spin is claimed fcr Echo II; thus the

scattered components will continually vary in amplitude. Were the

reflector perfectly smooth, its motion, including spinning, would not

give rise to scattered components of varying amplitudes; and were the

reflector stationary the roughness of its surface again would not produce

variations in the amplitude of the total reflected signals. Thus, the

two proposed mechanisms, rough surface and moving target, combine

Zo yield _ total reflected signal which is composed of two parts: an

average steady component due to specular reflection and a fluctuating

co_mponent due to scattering.

1966087648-010
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Fig. 4. A model of a spherical reflector with

surface roughness.

The average level of the received power at the detector output

is not correlated with the fluctuating component, hence the ACF of

v = 0 is the sum of the mean square value of +Ace fluctuating co_nponent

and the mean square value of the average level, normalized to unity.

As v is increased, because of the noisy nature of the fluctuating com-

ponent the correlation of this component with itself decreases. V_venLu-
11 .

a==_, t/aevalue of the ACF will only be proportional to the mean square

value of the aver:_ge level<y>Z. This fact provides a convenient

mehhod to obtain the ratio of the specular and scattered powers: 4

(Z) specular power <y>2 = SPCR
scattered power ] _<y>2

Equation (2) will be used to express the specularity of the reflection

from the satellites. It follows that e large value of specularity implies

a smooth reflecting surface and vice-versa. Presumably the specularity

is a function of the bistatic angle of scattering measured at the satellite,

and the position of the flare spot on the reflector. The position of the

flare spot, in turn, is a function of the orbital motion and the possible

5

,11

1966087648-011



L

• 2

]966087648-0]2



_he rnaximulo. ".irne deiay should b_ t_.cs _n ZTo for _r, error not
?

_xce_ding 2%. Aii tirn_ delays used in generating the ACF's hx

_ .-._ _no___.. "_'=r_ conservatively restricted to ITo. Using Solodovnikov's

ru_._".._._ the fi_i_ sample lengths impose a lower limit of I/3 cps on the
-_r2que_z_ -,_._o[-a_io,zimherent in the ACF's. These two limits of fre-

quency _eso!ution, 1/3 to !3 cps, are very important considerations

_'heJ_o_e ztter_pts to obtain the power spectral denslty function from

The finite length T also imposes a limit on the accuracy with

which the mean square value (that value to which all the graphs are
appa zently asymptotic) of the ACF can be determined. Several

articles in the literature deal with expected statistical errors in

-- measurements on random functions, e.g., Reference 6. The au-
Z

solute mean square error, _m(T), in the measurement of the mean

of the random process is given by 6

14) ¥ o

In the case of the ACF of Echo-reflected sigr_ls, th_ second quantity

under the integral sign can be approximated by 4 ,

-15) Ry( )- T -<v> i =* e "aT

where a is the slope of the ACF at _ = 0 and it can besf be determined :

experimentally, Thus, Eq. (4)reduces to

Z - e "a_ d'r, :
16) _mlT) = ._

which can be evaluated as

(7) • ( - Z (aT + e -I).
a z T z -

The tfirm e "aT in Eq. (7) for a >_ 1/'4and T = 30,is less -than 0.0001_; : _

:hence it is negligibly small in comparison with unity and it Wiii_be
dropped. Equation:f7) reduces to -- _ =

O

• 7 J - • - "

L
_- C j =
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1

z (T)- 3Oa-1(8) o"m
45 0 a z .

Equation (8) is an expression for the absolute mean square error in
the measurement of the true mean evaluated for use with the ACF's

in this report. Since all ACFJs are normalized to unity, an expres-

sion for the relative mean square error is wanted. This expression

is simply

Z

qrr.(T) _ 30 a-I 1(9) e,- <y>" 4s0V

Figures 5-I 1 show the ACF of Echo-reflected signals. In all

these figures are shown individual ACF's that were prepared from

da.+_ obtained at different times during the revolution indicated. On

these individual ACF's the true mean square value <y>a is estimated.

: In al]_ instances the last graph for a given figure shows all the ACF's

plotted to the same scale on a single graph. On this last graph the

experirnentalty determined maximum and minimum slopes are in-

dicated, together with the corresponding estimated values of <y>Z.

In Figs. 5'11 there appears to be a cor_siderable amount of uncer-

tainty as to the value of<y> z . The expanded scale is somewhat mis-

" leading, however. To obtain a quantitative evaluation of the magnitude ]__

: of mac ._rtaintyinvolved in estimating <y>Z, the maximum an! minimum

values of _(v) were measured for each graph and the difference WaS

' ,. expressedin percentage of the arithmetic average of the maximum

and minimum values of 4p(7). Thus the maximum percentageerror,

Ez, in estimating the true mean square average value is given by

1, I_max(7) - _min(_r) X i00.
(I0) Ez = Z Cmax(T) + Cmin(T)

Equation (10) is labeled as maximum percentage error since in many

instances an obviously quite accurate estimate can be obtained for

. <y>a e.g.i Fig. 5(c). Table I lists the 4Pmax(7) and Smin(7) values and

the evaluated ez for all ACFms. In obtaining 4Pmax(T ) and #min(T) values
7 was restricted to the interval: 0.5 < T < Z. 5. It can be seen from _ _

:,-, '-" Table I that the most often occurring Values for cz are 5-and I0; and "-

Z5 out,0f Z8 entries are I0 or less. Thus t_he arithmetic.average of all -

' ' _a-ia taken to be the representative value; this average is seven per
cent. _ '_

•J_ C J
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TAB LE I

MAXIMUM PERCENTAGE ERROR, ez, IN
_'., ESTIMATING THE TRUE MEAN SQUARE

i AVERAGE VALUE OF THE ACF'S

ACF • b c | d •

Revo_.._
: lutton _ 16m&x[_i &rain(T) _* &max (T) brain (T) _z _n_x (_) ibmin(_) ,z max (_) brain(_) ,z ben•x(') [ _min (_!

! Number _ _. ,
i

2626 .84 .76 I0 .85 .79 7 .83 .79 5 .............

Z653 .84 .80 5 .86 .79 8 .87 .77 12 .84 .76 lO .83 .80 4

Z816 .87 .84 3 .Sb .83 4 .82 .76 8 .88 .85 5 .85 .80 b
3040 .83 .79 5 .84 .77 9 .8_ .75 10 .88 _81 _ .87 .8Z 6

3483 .78 .69 I_ .82 .78 5 .81 .73 10 .83 .77 8 ......

I 18166 .79 .68 15 .72 .65 I0 .87 .79 I0 .83 .79 5 ......; 18966 .87 .8Z 6 ,88 .83 i b ,84 .T3 7 -- ,j ...........

• One can now utilizeEq. (Z) to obtain the SPCR, and have a

quantitativefeelingfor the accuracy of the values obtained. T_ble II

liststhe <y>Z values and the SPCR's. The lattervalues are given in db.

TABLE II

MEAN SQUARE AVERAGE VALUES OF ACF'S

AND ESTIMATES OF SPECULAR-TO-SCATTERED

POWER RATIOS

....
ACF a b c d •

J

lution _ <y>Z SPCR <y>z SPCR <y>Z 5PCR <y>l SPCR! <y>z SPCR
Number

:'626 .81 6.3 .8l 6.3 .80 6.0 .....

2653 .82 6,6 .83 6.9 .8! 6.3 .78 " 5.4 .81 6.3

Z816 .86 7.9 .85 7.4 .79 5.8 .87 8.1 -

3040 .82 6.4 .80 5,9 .77 5.3 .83 6.7 .85 7.5

3483 .74 4.6 .8Z 6.4 .74 4.6 .79 5,8 .64 2.5

18166 .72 4.1 .68 3.3 .84 7.2 .81 6.3 .66 2.9
18966 .84 7.0 .84 7.2 .81 6.3 ....

It appears from Table II that the SPCR of Echo-reflected signals i,_
around 6 db and that on basis of the experimental data utilizedthe_e

are no apparent large discrepancies between the SPCR's obtained
from Echo I and from Echo IIdata.

J

9

° ................. l l , _ ....................... . ................... i................. r :
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TABLE lld

ERROR IN THE STATISTICAL ESTIMATE

OF THE MEAN SQUARE AVERAGE VALUE

R evolution

Nunlber amax <y>Z el amin <y>Z el

Z6Z6 1.Z5 .80 6.6% .50 .81 15.5%

Z653 .96 .8Z 6.9% .48 .83 15.5
2816 I.Z5 .79 15.9 .50 .SZ 15.5

3040 .80 .80 I0 .50 .85 14.7

3483 .50 .79 15.7 .40 .74 Z0.4

18, 166 .50 .84 14.7 .Z4 .81 Z7

18,966 .60 .84 IIZ.6 .30 .84 7.1I

One can now utilize the <y>2 values from Table II to evaluate

Eq. (g) for the ct. Table Ill lists the maximum and minimum values i

for the slope and the corresponding values of <y>Z and eI . It can be
seen from Table ILl that the error in the statistical estimate of the

mean square average value is in excess of ten per cent. The pro-

cedure used to obtain the values given in Table Ill assumes that the

mean square average can be obtained from experimental data. It i

was concluded on a basis of the _z values given in Table I that the

mean square average can be found with an accuracy of .Jr7g0.Hence,

the et values have an uncertainty associated with the,n that is also

+7_0. This uncertainty will not cause any drastic changes in the

tabulated E! values. It seems, then, that an average valu_ of

£, = 15% will be a sufficiently conservative estimate for the upper

limit of the total error involved in obtaining the mean square average

value to which the autocorrelation functions are asymptotic. The ef-

fect of this 15_0 error on calculating the SPCR is quite significant.

Table IV has been prepared to show the effect of this error. On the

basis of the results presented in Table IV one znay conclude that the

ratio of specularly reflected power and scattered power in an Echo II-

reflected cw signal at 2260 mc/sec is about 6-7 db. The few experi-

mental results obtained from representative Echo I returns indicate

that the SPCR for that passive satellite is 5-6 db. The effect of the

error in obtaining the mean square average value of an ACF prepared

from sampled data of finite length can be quite significant. While it

I is not the purpose to discuss here the theoretical significance of the!

i maximum and minimum SPCR's, it is pointed out that by applying cor-

rections for the error in the statistical estimate of the ACF, maximum
i values of 15-16 db and minimum values of I-Z db were obtained for the
t
I

i 10

J

|
!
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SPCR. These are limiting values rather than ones that would closely

and consistently agree with the experimental data. This is not to

imply, how=vet, that they are not possible values.

TABLE 1V

SPECULAR-TO-SCATTERED POWER RATIOS

i OF ECHO-REFLECTED SIGNALS

i__ ACF [__...__ a b SPCR c d •
_ Rev_--,_ ISPCR SPCR SPCR SPCR {PCR SPCR SPCR SPCR SPCR SPCR SPCR S'P(51_ SPCR SPCR

lution -_. Max Min Max Min Ma_ Mln Max Mln Max Mln

Number _'h

2626 6.3 II.2 3.5 6.3 11.3 3.5 16.0 I0.6 13.3 - -

2653 6.6 12.1 3.6 6.9 13.2 3.3 _6.3 11.313.5 5.4 9.4 3.0 6.3 11.3 3.5281_ 7.9 9.2 4.4 7.4 16.3 4.2 15"8 10.0 3.1 8.! 4.6 - -
i _040 6.4 12.1 3.6 5.9 10.6 3.3 5.3 8.912.8 6.7 13.2 3.8 7._, 16.3 4.2

3,483 4.6 7.5 2.3 6.4 IZ.I 3.6 4.6 7.5 12.3 5.8 I0.0 3.1 7.5 4.5 1.0

18, 166 4.1 6.6 2.0 3.3 5.5 1.4 7.2 14.7 _4.0 6.3 1].3 3.5 2.9 5.0 I.]

18,966 7.0 15.0 4.0 7.2 14.7 4.0 6.3 ll.3 t3"5 ....

111. SUMMARY

This report is one of a series dealing with various aspects of

Echo-reflected signals. The data for this report were obtained recently

during Echo iI revolutions Z000-3500; some data are also included from

Echo I-reflected signals which were selected from the same period as

when the Echo II data were collected. The purpose of this report is to

present the autocorrelation function of the received signals. Some dis-

cussion is devoted to the theoretical aspects of the autocorrelation

function and the SPCR (specular-to-scattered power ratio) is defined.

The method to obtain the SPCR from the ACF is given. A large amount

of experimental data is presented. A brief explanation is presented on

the method of data reduction and its adaptation to digital, computerized

techniques. Consideration is given to _ome of the errors involved in

obtaining the statistical estimate of the ACF and the effect of these

errors on the final results. It ;isfound that for the experimental con-

ditions involved in collecting the data the SPCR of Echo If-reflected

signals is 6-7 db, and 5-6 db for Echo l-reflected signals. When the

results are corrected for the possible errors involved in the statistical

process the possible ranges in the SPCR's are obtained. Thus the

maximum possible SPCR of an Echo-reflected signal based on available
data is 15-16 db and the minimum is a few db.

I1

'2 /,
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